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Small mammals play many roles in ecosystems and are known as great indicators of 
overall ecosystem function and health, but they are also highly competent hosts for ticks and 
tick-borne disease. In this study, I gathered data on small mammal community ecology and 
species diversity, abundance, and overall ectoparasite (i.e., ticks) dynamics in a south Texas 
Tamaulipan thornscrub habitat. I also assessed differences in these parameters in edge versus 
interior habitats across a gradient of habitat fragmentation and species assemblage. Lastly, I 
assessed which host and environmental factors can be utilized for predicting parasitization of 
small mammals in this habitat. Results of this study included a total of nine small mammal 
species collected with Sigmodon hispidus (n=581) and Peromyscus leucopus (n=443) being the 
most abundant. Sigmodon hispidus contained the highest species richness of ticks and P. 
leucopus contributed 79% of all ticks collected. A total of seven tick species were collected, with 
Dermacentor variabilis (n=982; 66%) being most abundant. There was no statistical difference 
found between edge and interior habitats for diversity of small mammals (F=1.56; P=0.24), 
diversity of ticks (F=0.14; P=0.72), or tick loads of any species including Chaetodipus hispidus 
(F=1.82; P=0.18), Neotoma micropus (F=1.67; P=0.237), Onychomys leucogaster (F=0.99; 
P=0.322), Peromyscus leucopus (F=1.65; P=0.199), Perognathus merriami (F=1.22; P=0.271), 
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Reithrodontomys fulvescens (F=1; P=0.334) and Sigmodon hispidus (F=0.72; P=0.397). 
However, distance from trail and diversity of vegetation were important factors in predicting tick 
parasitization of small mammals. Other factors which resulted in increased tick loads on small 
mammals were sex (F=9.09; P=0.003) and the interaction between sex and reproductive status 
(F=4.5; P=0.03) for Sigmodon hispidus, as well as sex (F=4.09; P=0.04) and reproductive status 
(F= 5.74; P=0.02) for Peromyscus leucopus. The AICc modeling results for all small mammals 
indicated that the model that included season, year, vegetative diversity, litter depth, canopy 
cover, small mammal species, sex, and reproductive status was the most informative model in 
predicting parasitization of small mammals (AICc= 950.45; wi = 0.14). These parameters along 
with others presented in each of the models can be utilized in lowering disease risk in arid 
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Zoonotic diseases are those that can be transmitted to humans from other vertebrates 
(Wang and Crameri 2014). These diseases can have major impacts on humans (Stehr-Green and 
Schantz 1987), livestock (Suepaul et al. 2011) and wildlife (Daszak et al. 2001). The occurrence 
of these diseases is a growing concern due to the loss of biodiversity as a result of anthropogenic 
changes in the environment (Aguirre 2017). Many studies have been conducted on the ecology 
of zoonotic diseases including: Lyme’s disease (Leydet and Liang 2014; Stafford III et al. 1999), 
Spotted fever (Krawczak et al. 2016; Kim et al. 2006), Bartonella (Kai et al. 2009; Jiyipong et al. 
2014) and Arenavirus (Olayemi et al. 2018). These studies, among others, use small mammals as 
an indicator for the presence and prevalence of diseases in a habitat. Previous prevention 
strategies for these diseases relied on eliminating the host population, but more recent studies 
have promoted management of the overall habitat as the key to decreasing transmission (Schmidt 
and Ostfeld 2001).  
Small mammals can play a significant role in the transmission of many diseases, which 
has many implications for human health. Meerburg et al. (2009) described 20 viruses, 19 
bacterial diseases, and 22 parasites that are transmitted from small mammal reservoirs. Although 
not exhaustive, this highlights the importance of fully understanding the dynamics of these 









Ticks are a major ectoparasite group that acts as a vector for zoonotic disease. In the 
United States, costs for treating Lyme disease alone is estimated to be approximately 203 million 
USD (Zhang et al. 2006). Not only are tick-borne diseases expensive for human health, but in 
Texas alone Anaplasmosis in livestock and wildlife has resulted in an estimated annual economic 
cost of approximately $8.96 million USD (Alderink et al. 1983).  
In Texas, the most common tick species include: Cayenne tick (Amblyomma cajennense), 
Southern cattle tick (Rhipicephalus microplus), Winter tick (Dermacentor albipictus), and 
Spinose ear ticks (Otobius megnini) (Hurley 2018). Along with these, species which have 
previously been found in south Texas specifically, include: Amblyomma inornatum, Amblyomma 
maculatum, Dermacentor halli, Dermacentor variabilis, Haemaphysalis leporispalustris, and 
Ornithidorus sp. (Beck et al. 2011). Each of these species requires a specific set of habitat 
characteristics which limit their range and transmission success; however, host presence has also 
been found to play a large role in transmission (Pfäffle et al. 2013). The life cycles of ticks are 
species dependent, but most undergo 2-3 stages of development and they must feed on a host 
species at each stage (Estrada-Peña and De la Fuente 2014).  
 
Small mammals 
Small mammals act as hosts to many ectoparasites which make them targets for many 
transmission control strategies, however, they also serve ecological roles in the ecosystems in 
which they occupy. Many species of small mammals are important for seed dispersal (Wells et 
al. 2009), maintaining plant diversity (Guo 1996) and community dynamics (Heske et al. 1993), 
as prey items for many predators (Kaufman et al. 2010) and even soil compaction (Pascual et al. 
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2017). Many past studies demonstrate that small mammals can have a large impact on plant 
communities and increase the overall biodiversity of many habitats (Wesche et al. 2007; Curtin 
et al. 2000; Pascual et al. 2019). For example, giant kangaroo rats (Dipodomys ingens) have been 
described as keystone species due to their role as environmental engineers, which results in 
altering soil characteristics and creating networks of burrows which can be used by other species 
(Hawkins and Nicoletto 1992). Not only are they environmental engineers, but they also 
influence insects and lizard communities through non-engineering behaviors such as seed and 
invertebrate predation (Prugh and Brashares 2012). Due to their integral role in many 
ecosystems, it is important to maintain small mammal populations and their habitats. However, 
this makes it increasingly important to fully understand their roles in vector ecology, so that 
strategies for controlling zoonotic diseases can be more efficiently executed to lower disease 
transmission without negatively impacting the surrounding ecosystem.  
 
Vector ecology 
Vector ecology is highly understudied despite the major implications for controlling 
many zoonotic diseases (Kulkarni et al. 2015). Past research has demonstrated a correlation 
between the relationship of ectoparasites to their host species and its effect on the prevalence of 
human disease (Han et al. 2016; Ostfeld and Keesing 2000; Schmidt and Ostfeld 2001). Ostfeld 
and Keesing (2000) found that abundance and diversity of small mammals may play a role in the 
transmission success of zoonotic diseases to other animals including humans (Ostfeld and 
Keesing 2000), an idea now known as the dilution hypothesis (Schmidt and Ostfeld 2001). This 
hypothesis suggests that by increasing small mammal species richness and maintaining 
abundance, disease risks are reduced. The tenet of this hypothesis is that the transmission of 
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vector-borne diseases is thought to decrease due to a lack of competent hosts, making it harder 
for the pathogen to persist under these ecological conditions.  
Previous studies have shown the highest tick presence and disease risks in generalist 
species such as Peromyscus leucopus (white footed mice) and Sigmodon hispidus (hispid cotton 
rats), which are considered more competent hosts than many other species of small mammals 
(Storm and Ritzi 2008; Wilder and Meikle 2004; Rodriguez et al. 2015). Competence of a host 
species is characterized by its ability to transmit pathogens to a feeding vector (Schmidt and 
Ostfeld 2001). Generally, the most competent host species are relatively abundant and wide 
spread (Keesing et al. 2006). Generalist species are important in studying vector ecology because 
they can harbor a larger variety of ectoparasites as compared to specialist species (Chaisiri et al. 
2015). These species thrive in many different habitats which may lead to spillover to other 
vertebrates (Bordes et al. 2015). Bordes et al. (2015) discuss an increased risk of spread of 
pathogens from generalist species into humans because they carry diseases across multiple 
habitats. These generalist species are also important reservoirs for vector borne diseases because 
of their “pace of life” (Erazo et al. 2019). The pace of life hypothesis refers to organisms such as 
P. leucopus which expend less energy in acquired immunity than long-lived species.  
 
Fragmentation 
Anthropogenic effects such as fragmentation have been shown to impact the ecology of 
small mammals and increase disease risk within a habitat (Allan 2003; Dunstan and Fox 1996; 
Schweiger et al 2000). Anderson et al. (2003) studied the effect of fragmentation on small 
mammal ecology and found higher rates of generalist species (e.g., P. leucopus) along edge 
habitats and more specialist species in interior habitats. As a result of shifts in small mammal 
5 
 
community composition, past studies have demonstrated increased disease risks in areas with 
increased fragmentation (Allan et al. 2003). In the study by Allan et al. (2003), disease risk 
increased due to an increase in P. leucopus, which supports the ideas associated with the Dilution 
Hypothesis. Results of this study indicated that fragments which provided less than one hectare 
of continuous forest cause a loss in many vertebrate species, including predators and competitors 
of P. leucopus. For this reason, these habitats are more likely to contain low host diversity and 
higher densities of P. leucopus leading to higher densities of infected nymphal Ixodes scapularis 
(blacklegged ticks).  
The impact of fragmentation can also be seen in how small mammals move throughout 
different patch sizes of vegetation (Diffendorfer et al. 1995). Diffendorder et al. (1995) found 
that small mammals moved towards larger patches, and those who were in continuous habitats 
moved less often. This study concluded that the distance small mammals have to travel for 
foraging purposes without cover is a key factor of preferred habitat. Small mammals that are 
required to travel farther or through sparsely vegetated areas are more exposed to predators. 
There have been conflicting results on the effects fragmentation plays on ticks. For 
example, Allan et al. (2003) found higher densities of P. leucopus and infected nymphal ticks in 
small forest fragments. However, Wilder and Meikle (2004) concluded that there was lower tick 
prevalence on P. leucopus in smaller fragmented habitats. Although, these two studies may have 
conflicting conclusions due to major differences in the habitat types sampled. Wilder and 
Meikle’s (2004) study was conducted in a more urbanized location and these types of habitats 
have been connected to higher disease prevalence, especially in areas near forests or other tick 
habitats (Barbour and Fish 1993). 
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 Fragmentation can cause changes in the vegetation composition and has been shown to 
influence small mammal densities and distributions (Schweiger et al. 2000). Harrington et al. 
(2001) concluded that not only does fragmentation affect small mammal community 
composition, but the cascading effects can alter vegetation characteristics and composition even 
further. Additionally, Schweiger et al. (2000) determined that patch size in a landscape can 
directly affect plant succession, which can indirectly influence small mammal communities. 
 
Vegetation 
Tamaulipan thornscrub is characterized by species such as honey mesquite (Prosopsis 
glandulosa), guajillo (Senegalia berlandieri), huisache (Vachellia farnesiana), retama 
(Parkinsonia aculeata), twisted acacia (Vachellia schaffneri), Texas ebony (Pithecellobium 
ebano), whitebrush (Aloysia gratissima), cenizo (Leucophyllum frutescens), blackbrush 
(Vachellia rigidula), allthorn (Koeberlinia spinosa), catclaw (Senegalia gregii), palo verde 
(Parkinsonia texana), coyotillo (Karwinskia humboldtiana), and tasajillo (Optunia leptocaulis) 
(Beck et al. 2011). Along with these plants Buffelgrass (Cenchrus ciliaris) has also been 
introduced into this environment (Landers 1987). Areas with high numbers of invasive species 
display lower diversity of herbaceous species and they are also likely to contain a narrower range 
in seed types which can have an effect on small mammal populations (Geiger and McPherson. 
2005; Litt and Steidl. 2011).  
Some literature suggests a correlation between vegetation and diversity and abundance of 
small mammals (Litt and Steidl. 2011; Windberg 1998). Litt and Steidl (2011) found that 
habitats high in nonnative grasses increased the dominance of omnivores and herbivores such as 
species within the genera Reithrodontomys and Sigmodon. Similarly, results from the south 
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Texas study by Windberg (1998) demonstrated that the greatest abundance and diversity of 
rodents was collected from habitats with the highest vegetative density and diversity. This type 
of habitat is more favorable because it provides more cover from predators and increases food 
availability. Vegetation has also been observed to play a role in the distribution of ticks in an 
area (Guglielmone et al. 1990; Beck et al. 2011). Guglielmone et al. (1990) and Beck et al. 
(2011) reported that ticks were more abundant in areas with tall grasses or high brush density.  
 
Research Justification 
Although some research has been done on ectoparasite ecology within the Tamaulipan 
thornscrub habitat (Beck et al. 2011; Medlin et al. 2015), small mammal ecology and how it 
relates to vectors has not been well studied. The tick research that has been conducted in this area 
has focused mostly on the relationship between ticks and their habitat but did not include how 
they related to small mammal reservoirs or how their abundance and diversity varied between 
edge and interior habitats. Contemporary knowledge on many of these topics is conflicting and 
demonstrates the need for further investigation. As fragmentation becomes increasingly present 
at a global scale it is important to gain more knowledge of the effects of this disturbance on 
wildlife present in these habitats. This study will provide insight into vector ecology in south 
Texas including the consequences of environmental change, and possible management strategies.  
The objectives of this study were to gather data on small mammal community ecology, 
determine species diversity, abundance, and overall ectoparasite (i.e., ticks) dynamics in a south 
Texas Tamaulipan thornscrub habitat, and assess differences in small mammal and ectoparasite 
community dynamics in edge versus interior habitats across a gradient of habitat fragmentation. 
Lastly, I wanted to determine what variables are most important for predicting parasitization of 
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small mammals by ticks in this habitat type. From a review of the literature, I hypothesize that: 
1) species diversity will be lower along habitat edges, 2) abundance and diversity of 
ectoparasites will increase in edge habitats, 3) abundance and diversity of small mammals and 
ectoparasites will persist at increased levels in this Tamaulipan thorn as compared to other 
habitat types in south Texas and 4) both host characteristics and environmental factors will 






I conducted this study in Laredo, Texas, USA, near the Texas A&M International 
University campus (27.574132° N, 99.429042° W; Figure 1). This area has an elevation of 155 
m, and is characterized as the South Texas Plains vegetation region (Gould 1975), which lies 
within the Tamaulipan Biotic Province (Dice 1943). This area consists of plain, small hills, and 
includes multiple stream beds which are often dry (Beck et al. 2011). Weather patterns include 
short mild winters and hot summers. Average temperature for this area is 23o C, with winter 
months (December-February) ranging from an average low temperature of 9o C to an average 
high temperature of 20o C and summer months (June-August) ranging from an average low 
temperature of 25o C to an average high of 37o C (U. S. Climate Data). The Tamaulipan region’s 
rainfall patterns peak slightly in the spring and fall and the average precipitation per year is 52 
cm (Beck et al. 2011).  
 
Study design 
I sampled small mammals and their ectoparasites along eight transects (Figure 1)1. Two 
500 meter transects were sampled at a time, and each set of transects were rotated weekly. Each 
transect contained 50 traps set 10 meters apart for a total of 100 traps set per night. According to 
previous studies that tested the efficacy of line transect vs grid trap arrangement, line transect is a 
better method for small mammals because it provides greater trapping returns for a given effort 
(Pearson and Ruggiero 2003).  
 
1 TAMIU IACUC Protocol #2018-2 approved on October 1, 2019. 
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Figure 1. Map of the study site located in Laredo, Texas, USA (27.57° N, 99.44° W). 
 
Small mammal sampling 
To capture small mammals, I used Sherman live traps baited with a seed mixture. Traps 
were left over night and checked at dawn the following day. During examinations of each 
captured individual, I assessed and recorded data on: sex, reproductive status, tail length (mm), 
ear length (mm) and presence of ectoparasites. Lastly, captured small mammals were identified 
to species (Schmidly and Bradley 2016). Trapping activities ceased if temperatures dropped 
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below freezing and during the summer months because of the risk of increased trap death of 
small mammals (Sikes and Gannon 2011).  
 
Ectoparasite sampling 
Presence or absence of ticks observed on the small mammals were noted. Ticks were 
removed and preserved in 70% ethyl alcohol and stored for subsequent identification. 
Dichotomous keys were used to identify ticks to species (Brinton et al. 1965,  Coley 2015, 




 I utilized a modified point quarter-belt transect sampling technique to sample vegetation 
along each transect within my study site for both the spring and fall seasons. I sampled 
vegetation at five points located every 100 meters along each transect. From the center point, belt 
transects were extended to 10 meters, in each cardinal direction. Along each belt transect I 
collected data every 0.5 meters on presence or absence of: litter, bare ground, herbaceous 
material, woody material and course woody debris. With this data I calculated a percentage of 
presence on each transect line then used these values to calculate an average for each point. 
Every two meters along each belt I measured litter depth. At five and 10 meters away from the 







To measure temperature (oC) and rainfall (mm) I used Hobo data loggers throughout the 
duration of the project (HOBO U30 Station; Onset Computer Corporation, Bourne, 
Massachusetts, USA).  I used weather data to determine how weather affects small mammal and 
tick abundances.  
 
Data analysis 
Community Analyses- To understand small mammal and tick communities in this habitat, I 
calculated species richness (S) and Shannon’s diversity index (H). I performed canonical 
correspondence analyses (CCA) to determine the relationship between both small mammals and 
ticks with various habitat factors which included bare ground, rocks, herbaceous material, woody 
material, coarse woody debris, litter cover, litter depth and canopy cover. To test the impact of 
edge and interior habitats on species assemblage of small mammals and ticks, I used 
permutational multivariate analysis of variance (PERMANOVA) and SIMPER analyses. Lastly, 
I constructed violin plots to determine the probability density of tick loads on small mammal 
species between habitats (i. e. edge vs interior). I preformed all community ecology analyses 
using the vegan package in R Studio version 4.0.3 (Oksanen et al. 2020) and PRIMER-e version 
7 (Clarke and Gorley 2015). 
 
Life history effects on parasitization- To determine the effect of life history on parasitization I 
conducted Two-Way ANOVA tests for tick loads between sexes, reproductive status and the 
interaction between the two variables for small mammals. For all ANOVA tests, the data were 
first square root transformed to meet the underlying assumptions (Maindonald and Braun 2007). 
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Additionally, I used a Fisher’s exact test to test for differences in parasite prevalence between 
and among small mammal species. I tested for differences in prevalence relative to sex, 
reproductive status, and species. Tests were not conducted on any species which had <1 tick for 
any given set of variables. I preformed all analyses of life history using OriginPro analysis 
software (Version 2020).  
 
Prediction of small mammal parasitization- To determine which variables would best predict 
small mammal parasitization, I performed model selection via binary logistic regression. I 
constructed models for combined species (i.e, global small mammal model), and for individual 
species (e.g., P. leucopus, S. hispidus and O. leucogaster). Models were not constructed for 
species with fewer than 15 parasitized individuals (Dyson et al. 2019).  Model covariates 
included year (YR), season (SN), reproductive status (RS), sex (SX), species of small mammal 
(SP), weight of small mammals (WT), distance from trail (DI), Shannon's diversity of vegetation 
(SHV), Shannon's diversity of small mammals (SHM), litter cover (LC), litter depth (LD), 
canopy cover (CC), herbaceous material (HM), woody material (WM), rocks (RO), bare ground 
(BG), coarse woody debris (CWD), and edge or interior habitat (EI). I conducted a Pearson’s 
correlation analysis on all model covariates to test correlation. To address multicollinearity, 
highly correlated covariates (r >0.6) were not included together in the same model (Dyson et al. 
2019). Models constructed were then ranked according to Akaike’s Information Criterion 
adjusted for smaller sample sizes (AICc; Anderson and Burnham 2002). From these models, 
those with uninformative parameters were excluded from model sets, and I presented competing 
models within 2 AICc scores of the top model (Arnold 2010). I preformed all analyses on 




Small mammal communities 
I captured a total of 2736 small mammals, which consisted of 1533 unique individuals 
(Table 1). I recorded nine species, which included Peromyscus leucopus, Sigmodon hispidus, 
Onychomys leucogaster, Chaetodipus hispidus, Perognathus merriami, Liomys irroratus, 
Reithrodontomys fulvescens, Neotoma micropus, and Ictidomys parvidens. Each of these species 
was observed across all seasons and both transect types (i.e., edge vs interior). Overall, the two 
most abundant species of small mammals were P. leucopus (n=963; 443 individuals) and S. 
hispidus (n=822; 581 individuals). Diversity of small mammals was not significantly different 
between edge (H= 1.61) and interior (H= 1.51) habitats (F= 1.59; P= 0.25).  
Tick communities 
 I collected a total of 1529 ticks from small mammals including both hard and soft-bodied 
species. Of these, 1370 were identifiable. The Ixodidae species collected included Amblyomma 
inornatum, A. maculatum, Dermacentor albipictus, D. variabilis, D. halli, Ixodies woodi. The 
Argasidae species (i.e., soft-bodied ticks) collected belonged to the Ornithodoros genus. The 
most abundant species collected was D. variabilis (n= 932) and ticks of each stage of 
development were collected including larvae (n= 1278), nymphs (n= 248), and adults (n= 18) 
(Table 2). More on-host ticks were collected in Spring 2020 (n= 886) compared to the fall 2019 
(n=324) and fall 2020 (n= 352) seasons (Figure 2). Species richness of ticks was equal for both 
edge (S=7) and interior (S=7) habitats. Tick diversity was not significantly different between 


































































































































































































































































































































































































































































































































































































Table 2. Total number of identifiable ticks collected from each small mammal species within 
Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. Small mammal species 
codes: PELE (Peromyscus leucopus), SIHI (Sigmodon hispidus), ONLE (Onychomys 
leucogaster), NEMI (Neotoma micropus), CHHI (Chaetodipus hispidus), PEME (Perognathus 
merriami), REFU (Reithrodontomys fulvescens). 
Stage 
of dev. 





Larva D. variabilis 646 77 51 - 2 - 1 777 
 D. halli 316 2 40 - - 2 - 360 
 D. albipictus 1 4 - - - - - 5 
 I. woodi 23 - 4 - - - - 27 
 Ornithodoros sp. 5 1 5 - 1 1 - 13 
          
Nymph D. variabilis 85 58 12 - - - - 155 
 D. halli 38 1 - - 1 - - 40 
 A. inornatum - 12 - - - - - 12 
 A. maculatum - 5 - - - - - 5 
 I. woodi - - - 5 - - - 5 
          
Adult A. inornatum - 18 - - - - - 18 





Figure 2. Number of ticks in each stage of development collected from small mammals across 
each trapping season sampled within Tamaulipan thornscrub habitat, Laredo, Texas, USA. 
 
Ectoparasite and small mammal relationship 
I collected ticks from P. leucopus (79%), S. hispidus (12%), O. leucogaster (8%), N. 
micropus (0.6%), C. hispidus (0.3%), P. merriami (0.2%), and R. fulvescens (0.06%). Species 
richness of ticks on small mammals was highest on S. hispidus (S=6) and lowest on N. micropus 
(S=1), P. merriami (S=1) and R. fulvescens (S=1) (Figure 3). Tick communities exhibited low 
species evenness on P. leucopus, S. hispidus and O. leucogaster but high evenness on C. hispidus 
(Figure 4). The tick species with the highest ranked abundance across all sampled small species 
was D. variabilis (Figure 4). 
  Fisher’s exact test indicated that Peromyscus leucopus prevalence (41%) was 
significantly higher compared to S. hispidus (P<0.001), O. leucogaster (P<0.001), C. hispidus 




































Sigmodon hispidus prevalence (12%) was significantly higher than C. hispidus (P =0.003), and 
P. merriami (P<0.001), but not O. leucogaster (P=0.88), N. micropus (P=1) or R. fulvescens 
(P=1). 
 
Figure 3. Species richness of ticks on each small mammal species captured in the two different 
habitat types sampled (i.e., edge vs interior) within Tamaulipan thornscrub habitat, Laredo, 
Texas, USA, 2019-2020. Liomys irroratus and Ictidomys parvidens not shown because no ticks 
were collected from these species.  
 
The mean number of ticks collected from each small mammal species was significantly 
different (F=69.38; P<0.001) with Peromyscus leucopus having the highest tick loads (Table 3). 
Overall tick loads were low with probability densities being highest at ≤2 ticks/per individual, 
and similar between habitats (i. e., edge vs interior). However, P. leucopus individuals had 
higher tick loads per individual in both habitats (Figure 5), including one individual captured 
from edge habitat, from which I collected 48 ticks (Figure 6). However, there was no statistical 


















































































micropus (F=1.67; P=0.237), O. leucogaster (F=0.99; P=0.322), P. leucopus (F=1.65; P=0.199), 
P. merriami (F=1.22; P=0.271), R. fulvescens (F=1; P=0.334) or S. hispidus (F=0.72; P=0.397). 
 
 
Figure 4. Rank abundance and species evenness of tick communities on each small mammal 
species collected within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019-2020. 
Perognathus merriami, N. micropus and R. fulvescens not shown because they each had low 
abundances of ticks and only one species of tick were collected from each. Liomys irroratus and 





Sigmodon hispidus had significantly higher tick loads relative to sex (F= 9.09; P= 0.003) 
with males having higher tick loads (x̅ =0.39) than females (x̅=0.04). There was also a significant 
interaction between sex and reproductive status (F=4.5; P= 0.034), with reproductively active 
males having higher tick loads (x̅ =0.55). Peromyscus leucopus had significantly different tick 
loads relative to sex (F=4.09; P= 0.044), with males (x̅=1.66) having higher tick loads than 
females (x̅=1.03). Tick loads were also significantly different for reproductive status of this 
species (F=5.74; P= 0.017), with reproductively active individuals having higher tick loads 
(x̅=1.63) than non-reproductively active individuals (x̅= 0.92; Table 4). The Fisher’s exact tests 
demonstrated statistical difference in tick prevalence over multiple characteristics within species 
Table 3. Mean (± SE) number of ticks from each small mammal species collected in the two 
habitat types sampled (i.e., edge vs interior) within Tamaulipan thornscrub habitat, Laredo, 
Texas, USA, 2019-2020. 
 Interior Edge Overall 
Peromyscus leucopus 147.3 ± 27.9 159.0 ± 52.8 153.1 ± 27.7 
Sigmodon hispidus 21.8 ± 10.3    26.0 ± 12.3 23.9 ± 7.5 
Onychomys leucogaster 20.5 ± 13.2 9.8 ± 3.7 15.1 ± 6.7 
Chaetodipus hispidus 1.3 ± 0.5 0.3 ± 0.3 0.8 ± 0.3 
Perognathus merriami 0.5 ± 0.5 0 ± 0 0.3 ± 0.3 
Reithrodontomys fulvescens 0 ± 0 0.3 ± 0.3 0.1 ± 0.1 
Neotoma micropus 1.0 ± 1.0 3.5 ± 1.5 2.3 ± 1.0 
*L. irroratus and I. parvidens not shown because zero ticks found on these species 
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(Table 5) and between species (Table 6). There was also a statistical difference in prevalence for 
these characteristics within species over each season (Table 7). 
Table 4. Analysis of variance on the effect of sex, reproductive status and the interaction between 
these two variables for tick loads on different small mammal species collected within Tamaulipan 
thornscrub habitat, Laredo, Texas, USA, 2019–2020. Species with less than 15 parasitized 
individuals were excluded from this analysis. Double asterisk indicates significance. 
Species Variable F-value P-value Significance 
O. leucogaster  Sex 0.03385 0.85431   
  Reproductively active(Y/N) 0.90103 0.34421   
  Interaction 0.20288 0.65313   
S. hispidus  Sex 9.08745 0.0027 ** 
  Reproductively active(Y/N) 0.57637 0.44807   
  Interaction 4.49893 0.03438 ** 
P. leucopus  Sex 4.09114 0.0438 ** 
  Reproductively active(Y/N) 5.73546 0.0171 ** 




Table 5. P-values from Fisher’s exact tests on within species tick prevalence for each small mammal 
species collected within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. Species 
codes: PELE (Peromyscus leucopus), SIHI (Sigmodon hispidus), ONLE (Onychomys leucogaster), 
PEME (Perognathus merriami), CHHI (Chaetodipus hispidus). 









Overall PELE 0.2123 0.0352 * 0.1032 0.3861 0.7849 0.6168 
 
SIHI 0.2158 0.0477 * 0.7583 0.0329 0.2926 1 
 
ONLE 0.6078 0.0749 0.0676 1 0.7514 0.6918 
 
CHHI 0.6538 1 0.5164 - - 1 
 
PEME 0.5506 1 - - - 1 
Fall 2019 PELE 0.0052* 0.0081* 0.5029 1 0.0172 1 
 
SIHI 0.3187 0.4579 1 0.2483 0.3366 0.7093 
 
ONLE - 0.1617 0.4104 - - - 
 
CHHI 0.552 1 1 - 0.2279 - 
Fall 2020 PELE 0.6419 0.3462 0.4824 0.7292 1 0.7395 
 
SIHI 0.2573 0.0347 1 0.0551 1 0.5209 
 
ONLE 1 0.5864 0.2632 - 0.2451 - 
Spring 2020 PELE 1 0.0062* 0.0022 0.2998 0.1375 0.4913 
 
SIHI 0.4859 0.2399 - 1 - 0.2515 
 
ONLE 0.4719 0.7026 0.2615 0.1544 1 0.0546 
 
PEME 0.5073 1 - - - - 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 5. Violin plots for comparing tick loads of each small mammal species collected a) P. 
leucopus, b) O. leucogaster, c) S. hispidus within Tamaulipan thornscrub habitat, Laredo, Texas, 
USA, 2019–2020, between two habitat types (i. e., edge vs interior). Species with <15 




Figure 6. Violin plot for tick loads on P. leucopus individuals in each habitat type sampled (i. e., 
edge vs interior) within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. 
 
Habitat characteristics 
Overall species richness of vegetation was similar in edge (S= 24) and interior habitats 
(S= 23) (Table 8). Results from the SIMPER analysis indicated there was 30.2% dissimilarity 
between edge and interior habitats for small mammal communities, with S. hispidus, contributing 
to the largest amount of dissimilarity between the two habitats (36.32%) (Table 9). There was a 
30.79% mean dissimilarity in tick communities between edge and interior habitats, with D. 
variabilis, contributing to the largest amount of dissimilarity between the habitats (50.44%) 
(Table 9). However, The PERMANOVA analysis indicated there was no statistically significant 
difference in small mammal communities in edge and interior habitats overall (PERMANOVA, 
Pseudo-F=0.504 P=0.734) or within seasons for fall 2019 (PERMANOVA, Pseudo-F= 0.503 
P=0.816), spring 2020 (PERMANOVA, Pseudo-F=0.366 P=0.824) or fall 2020 
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(PERMANOVA, Pseudo-F=0.295 P=0.866). Additionally, the PERMANOVA analysis for tick 
communities indicated that there were no significant differences between edge and interior 
habitats overall (PERMANOVA, Pseudo-F= 0.953 P=0.315) or seasonally for fall 2019 
(PERMANOVA, Pseudo-F= 0.562 P=0.785), spring 2020 (PERMANOVA, Pseudo-F= 0.041 
P=0.975) and fall 2020 (PERMANOVA, Pseudo-F= 0.214 P=0.856). 
Canonical correspondence analysis indicated that for small mammals, the first two 
correspondence axes accounted for 85% of total variance in habitat variables associated with 
small mammals (Table 10). The CCA1 axis accounted for 57% of total variance (Table 10) and 
was characterized by litter, bare ground, and herbaceous material (Tables 11; Figure 7). The 
CCA2 axis accounted for 28% of total variance (Table 10) and was characterized by woody 
cover, coarse woody debris, rocks, and canopy cover (Tables 11; Figure 7). For ticks, the first 
two correspondence axes accounted for 83% of total variance in habitat variables associated with 
ticks collected from small mammals (Tables 10). The CCA1 axis accounted for 67% of total 
variance (Table 10) and was characterized by bare ground, herbaceous cover, woody cover, 
coarse woody debris, and canopy cover (Table 11; Figure 7). The CCA2 axis accounted for 16% 
of total variance (Table 10) and was characterized by litter and rocks (Tables 11; Figure 7).  
Throughout the duration of the study the peak rain event occurred in May of 2020, which 
was the last month of sampling for the Spring 2020 season; however, following this was a major 
decline in rainfall over the next few months with an increase in temperatures (Figure 8). Weather 
data in relation to ticks showed the ratio of tick abundances to days sampled to be highest (38 
ticks per day) in February when temperatures were their lowest (x̅ ==15°C; Figure 9). Small 




Table 8. Seasonal richness and diversity values for vegetation in each transect sampled and 
values for each of the different habitat types (i.e., edge vs interior) within Tamaulipan 
thornscrub habitat, Laredo, Texas, USA, 2019–2020.  







FALL     
Interior 1 7 1.513 1.404 
 2 6 1.355  
 3 6 1.366  
 4 6 1.382  
Edge 1 7 1.571 1.470 
 2 6 1.445  
 3 6 1.413  
 4 6 1.449  
SPRING     
Interior 1 6 1.471 1.534 
 2 6 1.400  
 3 7 1.491  
 4 6 1.773  
Edge 1 7 1.639 1.534 
 2 6 1.400  
 3 6 1.491  
 4 7 1.608  
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Table 9. Results from SIMPER analyses for the contribution of each small mammal and tick 
species to dissimilarity between edge and interior habitats within Tamaulipan thornscrub 
habitat, Laredo, Texas, USA, 2019–2020. 













 S. hispidus 78.0 63.0 11.18 3.18 36.32 36.3 
 P. leucopus 46.75 49.25 6.15 4.43 19.99 56.3 
 P. merriami 17.25 17.5 4.41 3.77 14.31 70.6 
 O. leucogaster 13.75 20.50 4.31 2.85 14.01 84.6 
 C. hispidus 18.50 17.50 2.28 2.12 7.39 92.0 
 L. irroratus 4.75   1.00 1.49 1.54 4.84 96.9 
 R. fulvescens 2.25   1.50 0.44 0.41 1.44 98.3 
 N. micropus 1.25   1.00 0.38 0.35 1.22 99.5 
 I. parvidens 0.50   0.50 0.15 0.17 0.49 100 
Ticks 
 D. variabilis 120.75 113.5 15.23 1.27 50.44 50.4 
 D. halli 53.75 46.25 11.94 1.35 39.53 90.0 
 I. woodi 4.0 4.0 1.24 1.12 4.11 94.1 
 A. inornatum 4.0 3.5 0.72 1.2 2.39 96.5 
 Ornithodoros sp. 1.5 1.75 0.6 1.14 1.99 98.5 
 D. albipictus 0.5 0.75 0.25 1.01 0.83 99.3 




Figure 7. CCA plots for associations between (a) small mammals and (b) ticks to various habitat 
characteristics within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. 
Variables include bare ground, canopy cover, herbaceous material, woody material, litter, coarse 
woody debris (cwd) and rocks. Species acronyms for small mammals include: CHHI 
(Chaetodipus hispidus), PEME (Perognathus merriami), PELE (Peromyscus leucopus), SIHI 
(Sigmodon hispidus), ONLE (Onychomys leucogaster), LIIR (Liomys irroratus), REFU 
(Reithrodontomys fulvescens), NEMI (Neotoma micropus), ICPA (Ictidomys parvidens). Species 
acronyms for ticks are: AMIN (Amblyomma inornatum), AMMA (Amblyomma maculatum), 
IXWO (Ixodes woodi), DEVA (Dermacentor varibailis), DEHA (Dermacentor halli), DEAL 
(Dermacontor albipictus), ARSP (Argasidae sp.). Transects represented as interior (I1, I2, I3 ,I4) 





Table 10. Values from CCAs constructed for comparing each small mammal and ticks species 
collected within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020 to habitat 
characteristics in which they were collected from. 
  CCA1 CCA2 
Small mammals Eigenvalues 0.097 0.047 
 Proportion explained 0.574 0.278 
 Cumulative proportion 0.574 0.852 
Ticks Eigenvalues 0.074 0.017 
 Proportion explained 0.673 0.157 







Table 11. Biplot scores for canonical correspondence analysis (CCA) of habitat variables in 
relation to small mammals and ticks collected within Tamaulipan thornscrub habitat, Laredo, 
Texas, USA, 2019–2020. 
 CCA1 CCA2 
Small mammals   
    Litter cover 0.238 -0.219 
    Bare ground -0.453 0.162 
    Herbaceous cover -0.709 0.029 
    Woody cover -0.286 -0.349 
    Coarse woody debris -0.088 -0.211 
    Rocks -0.296 0.511 
    Canopy cover 0.249 -0.366 
Ticks   
    Litter cover -0.091 0.122 
    Bare ground 0.465 -0.342 
    Herbaceous cover 0.325 0.146 
    Woody cover -0.783 -0.341 
    Coarse woody debris -0.513 -0.157 
    Rocks -0.111 -0.420 







Figure 8. Mean monthly temperature and rainfall within Tamaulipan thornscrub habitat, Laredo, 
Texas, USA, 2019–2020. 
  
Figure 9. Small mammal and tick abundances in relation to temperature and rain for each month 
sampled within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. Abundances 
for each month were divided by the number of sampling days to adjust for uneven sampling 
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Figure 10. Small mammal and tick abundances in relation to rainfall for each month sampled 
within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020. Abundances for each 
month were divided by the number of sampling days to adjust for uneven sampling effort. April 
not included because no sampling took place due to the shutdown for COVID-19. 
 
Models for predicting parasitization 
Variables which were not included as covariates of the same model included litter and 
bare ground (r=-0.74), litter and coarse woody debris (r=0.79), bare ground and woody material 
(r=-0.67), as well as coarse woody debris and canopy cover (r=0.74). The AICc modeling results 
indicated that the best approximating model for predicting tick parasitization of small mammals 
included covariates for season, year, vegetative diversity, litter depth, small mammal species, 
and reproductive status (AICc= 950.39; wi = 0.15; Table 12). 
This model indicated that the odds of small mammal parasitization by ticks increased 
with increased vegetative diversity (β=2.50; P= 0.007). However, the odds of small mammal 
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indicated the odds of parasitization was higher in the spring (β= -2.91; P= 0.99) season compared 
to the fall (β= -4.53; P= 0.99), in 2019 (β= -3.51; P= 0.99), compared to 2020 (β= -3.93; P= 
0.99), for reproductively active individuals (β= -3.42; P= 0.99) compared to non-reproductively 
active (β= -4.03; P= 0.99) individuals and for P. leucopus (β= -1.64; P=0.99) compared to S. 
hispidus (β= -2.66; P= 0.99) and O. leucogaster (β= -3.14; P=0.98; Table 14). 
The AICc modeling results for P. leucopus indicated that the model including distance 
from a trail, vegetative diversity, litter depth, season, year, and reproductive status was the most 
informative model in predicting parasitization of this species (AICc= 484.60; wi = 0.14; Table 
13). This model indicated that the odds of P. leucopus individuals being parasitized by ticks was 
higher with increased distance from a trail (β=0.01; P= 0.08) and vegetative diversity (β=2.73 ; 
P= 0.13) but decreased litter depth (β= -2.17; P<0.001). This model also indicated odds of 
parasitization were higher for the spring (β= -4.21; P= 0.98) season compared to the fall (β= -
6.63; P= 0.99), in 2019 (β= -4.79; P= 0.99) compared to 2020 (β= -5.55; P= 0.99), and for 
reproductively active individuals (β= -5.46; P= 0.99) compared to non-reproductively active (β= 
-5.93; P= 0.98) individuals (Table 15). 
For S. hispidus, the AICc modeling results indicated that the model including bare ground, 
vegetative diversity, small mammal weight and reproductive status was the most informative 
model in predicting parasitization of this species (AICc= 372.36; wi = 0.23; Table 13). This 
model indicated that the odds of S. hispidus individuals being parasitized by ticks was higher 
with increased vegetative diversity (β= 2.18; P= 0.29) and small mammal weight (β=0.01; P= 
0.24) but decreased bare ground (β= -0.04; P=0.03). This model also indicated odds of this 
species to be parasitized was higher for reproductively active individuals (β= -5.46; P= 0.99) 
compared to non-reproductively active (β= -6.00; P= 0.99) individuals (Table 15). 
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The most informative model for predicting parasitization of O. leucogaster included 
distance from a trail, vegetative diversity, canopy cover, rocks and season (AICc= 81.55; wi = 
0.35; Table 13). This model indicated that the odds of O. leucogaster individuals becoming 
parasitized was higher with increased vegetative diversity (β=4.37; P= 0.18) and canopy cover 
(β=0.35 ; P= 0.09). However, odds of parasitization was higher with decreased distance from a 
trail (β= -0.02; P= 0.19) and rocks (β= -0.10; P=0.12). This model also indicated odds of 
parasitization was higher for the spring (β= -17.37; P= 0.99) season compared to the fall (β= -
19.26; P= 0.99; Table 15). The parameters in the models constructed in this study which were 
present in a large majority of the competing models included season (97%), reproductive status 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 14. Estimates of parameters within the top model for predicting parasitization of small 
mammals by ticks within Tamaulipan thornscrub habitat, Laredo, Texas, USA, 2019–2020.  
 
Variable β SE 95% LCL 95% UCL P-value Wald Test OR 
Overall top model 
 
Litter depth -1.62 0.49 -2.59 -0.65 0.001* 10.70 0.199 
 
Veg. diversity 2.50 0.92 0.68 4.31 0.007* 7.31 12.161 
 
Status (Y) -3.42 240.75 -475.27 468.44 0.989 P<0.001* 0.033 
 
Status (N) -4.03 240.75 -475.89 467.83 0.987 P<0.001* 0.018 
 
Season (Fall) -4.53 240.75 -476.39 467.33 0.985 P<0.001* 0.011 
 
Season (Spring) -2.91 240.75 -474.77 468.95 0.990 P<0.001* 0.054 
 
Year (2019) -3.51 240.75 -475.37 468.35 0.989 P<0.001* 0.030 
 
Year (2020) -3.93 240.75 -475.79 467.93 0.987 P<0.001* 0.020 
 
O. leucogaster -3.14 160.50 -317.71 311.43 0.984 P<0.001* 0.043 
 
P. leucopus -1.64 160.50 -316.21 312.93 0.992 P<0.001* 0.193 
 
S. hispidus -2.66 160.50 -317.23 311.91 0.987 P<0.001* 0.070 
*Species with <15 individuals parasitized were not included as parameters. 





Table 15. Estimates of parameters within the top models for predicting parasitization of 
ticks on each of the small mammal species collected within Tamaulipan thornscrub habitat, 
Laredo, Texas, USA, 2019–2020. 
    Variable β SE 95% LCL 95% UCL 
 
P-value Wald Test OR 
P. leucopus Top Model  
  Veg. diversity  2.73 1.27 0.23 5.23 0.133 4.584 15.33 
 Litter depth -2.17 0.620 -3.38 -0.96 P<0.001* 12.375 0.114 
  Distance  0.01 0.003 -0.0007 0.01 0.083 3.009 1.005 
 Status (N) -5.46 294.25 -582.17 571.26 0.985 P<0.001* 0.004 
 Status (Y) -4.88 294.25 -581.59 571.84 
0.987 
P<0.001* 0.008 
  Season (Fall) -6.12 294.25 -582.84 570.59 0.983 P<0.001* 0.002 
  Season(Spring) -4.21 294.25 -580.93 572.50 0.989 P<0.001* 0.015 
  Year (2019) -4.79 294.25 -581.50 571.93 0.987 P<0.001* 0.008 
  Year (2020) -5.55 294.25 -582.26 571.17 0.985 P<0.001* 0.004 





Bare ground -0.04 0.018 -0.075  -0.004 0.030 4.705 0961 
 Veg. diversity 2.18 2.036 -1.812 6.167 0.285 1.144 8.825 
 Weight 0.01 0.005 -0.004 0.015 0.235 1.409 1.006 
 
Status (N) -6.00 1455.4 -2858.6 2846.6 0.997 P<0.001* 0.002 
 Status (Y) -5.46 1455.4 2858.0 2847.1 0.997 P<0.001* 0.004 
 (Continued on next page) 
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 Table 15. Continued 
 Variable β SE 95% LCL 95% UCL P-value Wald Test OR 
O. leucogaster top model 
 Rocks  -0.09 0.06 -0.21 0.04 0.174 1.844 0.916 
 Canopy cover  0.25 0.17 -0.09 0.59 0.147 2.103 1.285 
 Distance  -0.02 0.01 -0.04 0.01 0.179 1.810 0.984 
 Season (Fall) -17.42 2399.5 -4720.4 4685.6 0.994 P<0.001* 0 
 Season(Spring) -15.28 2399.5 -4718.3 4687.8 0.995 P<0.001* 0 
 *Models were not constructed for species with <15 individuals parasitized 






Small mammal communities 
The two most abundant small mammal species collected were P. leucopus and S. hispidus 
which together accounted for 67% of all small mammals captured. These are both generalist 
species and are common across all of Texas and much of North America (Schmidly and Bradley 
2016). These species are typically abundant because they are not as limited through habitat or 
dietary requirements. Peromyscus leucopus has been studied extensively for its role in 
transmission of Lyme disease (Schwanz et al. 2011; Hofmeister et al. 1999; Anderson and Norris 
2006). Although the tick species Ixodes scapularis, which is considered the main vector for this 
disease, was not collected within this site. Dermacentor variabilis, which is considered the main 
vector for Rocky Mountain Spotted Fever, was collected in high abundances from P. leucopus. 
This high abundance of D. variabilis on P. leucopus is consistent with the findings of previous 
research on the interactions of these species (Kollars 1996). Peromyscus leucopus and D. 
variabilis both have large distributions and are often found together in a variety of habitats; 
therefore, it appears that these species exhibit a similar pattern in south Texas. 
Both P. leucopus and S. hispidus are less sensitive to habitat disruption, but S. hispidus is 
also known to be highly abundant because they are prolific breeders (Schmidly and Bradley 
2016). They exhibit cyclical population sizes, but populations can fluctuate drastically based on 
habitat conditions. Under favorable conditions their reproductive rates increase and can result in 




Most of the other species collected throughout this study were present in lower 
abundances presumably due to more specialized diets, habitat requirements and species ecology. 
Although O. leucogaster was the third most abundant species on this site, this species is typically 
present in lower abundances possibly because of their diet which allows them to fill more of a 
carnivorous niche (Schmidly and Bradley 2016). The CCA plots constructed within this study 
demonstrate how habitat factors may have influenced the abundance of each species collected 
(Figure 7). In the small mammal plot, O. leucogaster is shown as being positively associated 
with rocks and bare ground but negatively associated with litter and canopy cover. This is 
consistent with the known life history of this species as it prefers open brushlands (Schmidly and 
Bradley 2016). This habitat type is present throughout much of the study site and may explain 
why this species was more abundant at my site, despite reports of lower abundances from other 
sites of past studies.  
Other species which may be more limited by habitat preference include R. fulvescens and 
L. irroratus. Reithrodontomys fulvescens generally prefers grassy areas or creek bottoms while L. 
irroratus is generally more common in subtropical habitats and requires more water than other 
small mammal species (Schmidly and Bradley 2016; Hudson and Rummel 1966). My results 
indicate that L. irroratus is negatively associated with bare ground, rocks and herbaceous areas 
which are abundant throughout the site (Figure 7a). Although this species is known to occur in 
Texas, this study site is in the fringe area along the northernmost part of its distribution where 
there may be enough suitable habitat for them to persist, but not thrive (Schmidly and Bradley 
2016). The species that had the lowest number of captures was I. parvidens, but this likely 
doesn’t reflect the population status of this species at my study site. This species is diurnal and 
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spends most of its time traveling above ground throughout the day; therefore, my trapping 
methodology was not conducive to capturing this species in large numbers.  
 
Tick communities 
Dermacentor variabilis was the most abundant tick species collected from this site (81%) 
which is different from the findings of Beck et al. (2011), who sampled tick communities at this 
same site. Differences between these studies are most likely due to sampling techniques. In the 
study conducted by Beck et al. (2011), ticks were collected using CO2 traps. This technique is 
more likely to attract Amblyomma species because of their questing behavior, which relies on 
tracking hosts via CO2. Although some Dermacentor ticks were collected in the study by Beck et 
al. (2011), their ambush questing style makes them less likely to be attracted to this particular 
trapping method. While the abundance of each species sampled in this study differed from that of 
Beck et al. (2011), the species encountered in both studies were similar.  
Immature stages of ticks collected were mostly Dermacentor species but all adults 
collected were Amblyomma. One explanation for this could be that immature stages of 
Amblyomma are more likely to parasitize birds (Cooley and Kholes 1944b), while small 
mammals were the target host group in this study. The most abundant Amblyomma species 
identified was A. inornatum which is a known ectoparasite of S. hispidus (Keirans and Durden 
1998). This was consistent with my results, as all Amblyomma ticks collected were found on S. 
hispidus individuals. 
All adult Amblyomma collected were identified as A. inornatum, which is considered a 
smaller sized tick (Cooley and Kohls 1944b). This may be why it was able to feed on S. hispidus, 
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even when ticks are in the adult stage. There were no Dermacentor adults collected from small 
mammals in this study, which is not unusual as most ticks in their adult stage would be feeding 
on medium to larger-sized mammals. This is especially true for Dermacentor species because 
they are considered larger-sized ticks in comparison to other species (Saari et al. 2019). This 
larger size would require a large host to accommodate its feeding needs. Medium and large 
mammals are present in high abundances throughout this study area, especially white-tailed deer 
(Odocoileus virginianus) and collared peccaries (javelina; Pecari tajacu). With these, and other 
larger mammals present in high abundances, there is presumably an adequate population of 
larger hosts for adult stages of ticks to parasitize.  
One species which was not recorded previously at this site, but was collected in this 
study, was I. woodi. This is likely because this species generally quests near burrows or nests of 
small mammals, in an attempt to find a new suitable host. Ixodes woodi has been recorded in 
Texas, mostly on N. micropus, but has also been found on Peromyscus sp. as well (Bishopp 
1911). In this study, I. woodi was found on P. leucopus, and it was the only tick species found on 
N. micropus. However, N. micropus had a low sample size; therefore, more sampling is needed 
for a better understanding of tick communities on this species at this site. Ixodes woodi was also 
observed on O. leucogaster, which has not been previously recorded as a host for this tick 
species. It is known that O. leucogaster will utilize the burrows of other species so it is possible 
that this was a contributing factor (Bai et al. 2007). 
Ixodes scapularis is a tick of major medical importance in much of the United States 
because of its ability to transmit many diseases and pathogens including Lyme disease, 
Anaplasmosis, Babesiosis, Borrelia, Ehrlichiosis and Powassan disease (Eisen and Eisen 2018). 
This species was not found during this study, but there are multiple explanations for its absence. 
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First, it is thought that the primary host of I. scapularis in south Texas would be lizards, which 
were not sampled as part of this study. Secondly, the hot and arid climate is not considered 
optimum for this species. However, there is speculation that because adults have been found in 
south Texas, immature stages of this species may remain in the leaf litter for protection from 
harsh climatic conditions, or they may remain near burrows to target specific (i.e., lizard) hosts 
(Arsnoe et al. 2015). If they are targeting lizards by remaining in or around burrows, it is less 
likely they would attach to a small mammal. Therefore, future studies of ectoparasites of lizards 
at this site may be beneficial in determining the presence or absence of I. scapularis. 
Seasonality was shown to play a role in tick abundances, which is consistent with 
previous research (McEnroe 1979; Chan and Kaufman 2009). Although seasonality has been 
shown to vary geographically, in the southern United States, immature stages of Dermacentor 
variabilis has been observed to be most active during the spring and summer (McEnroe 1979; 
Chan and Kaufman 2009). This is consistent with the results from my study as immature ticks 
were more likely to be collected in the spring sampling season than the fall (Figure 2). The 
seasonality observed in my study is consistent with the known life cycles and feeding stages of 
most of the ticks collected in this study which go through three separate feeding stages (Chan 
and Kaufman 2009).  
During their life cycle larvae will generally feed in late spring, then use these nutrients to 
molt into nymphs. After molting, some species overwinter; however, this is dependent on the 
climate in which they are found and species specific life history characteristics. Most tick species 
in southern states are believed to remain active throughout the year but become less active in 
winter and summer months because of harsher conditions (McEnroe 1979). Ticks were collected 
throughout the entirety of this study which supports the idea that ticks will not overwinter in 
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southern states. Following this period of inactivity, ticks will proceed to feed again during in the 
nymph stage through the spring. After feeding in the spring, nymphs will generally detach from 
their host, molt into adults, and then find a new host species during the late summer and fall 
(Chan and Kaufman 2009). Ticks of each stage of maturity were found throughout both seasons, 
but there were nearly twice as many immature ticks found in the spring as compared to the fall 
sampling season, which is consistent with the timing of life history characteristics described by 
Chan and Kaufman (2009). For example, although there were not many adults collected overall, 
the majority of those that were collected (i.e., 83%) were collected in the fall sampling seasons.  
 
Vector and Host Ecology 
  Surprisingly, small mammal diversity was not shown to be a strong predictor of 
parasitism in my study, as it was only present in one of the eight competing models created for 
predicting overall parasitization. These results differ from ideas relative to the dilution effect 
hypothesis, which broadly suggest that areas of higher species diversity and abundance of small 
mammals would likely cause ticks to distribute across less competent host species (Ostfeld and 
Keesing 2000). In my study the most abundant tick species collected (i. e., D. variabilis) had 
significantly higher prevalence of this species on generalist host species (i. e., P. leucopus and S. 
hispidus) as compared to other species that have more specialized habitat requirements and 
natural history (Tables 6-7). One reason for this might be that D. variabilis is considered a 
habitat generalist with a low host specificity (Guzmán-Cornejo et al. 2016) so it is would be able 
to benefit from the ability of generalist small mammal species to persist across all habitat types. 
However, it is possible that small mammal diversity did not play a larger role in models because 
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small mammal diversity was too similar between each of the transects within the study site to 
observe an effect. 
Although the diversity of small mammals was not shown to be a strong indicator of 
parasitism, sex of small mammals was a significant factor in tick loads of P. leucopus and S. 
hispidus. For both species males had significantly higher tick loads than females. This is 
consistent with the ‘sex-bias’ hypothesis which proposes that males are more likely to be 
parasitized and have larger parasite loads than females (Krasnov et al. 2005; Kowalski et al. 
2015; Perkins et al. 2008). There are multiple hypotheses that have been proposed as to why 
males may be more susceptible to parasitization than females including larger body sizes, 
movement patterns, and hormone levels. 
Body size is predicted to influence infestation rates which may relate to sex because of 
sexual dimorphism often characteristic of mammals. This is a known characteristic of both P. 
leucopus and S. hispidus but not O. leucogaster (Dewsbury et al. 1980; Cameron and Spencer 
1983). This may be why sex was significant factor for P. leucopus and S. hispidus but not O. 
leucogaster. When weight was included as a contending parameter in predictive models, it 
appeared to be a parameter in 24% of competing models for predicting parasitization. One reason 
that larger bodied individuals may be able to accommodate higher tick loads is because of the 
larger surface area for attachment made available by larger-bodied individuals. Not only does 
surface area allow for higher tick loads, but it also provides area available for higher richness of 
ticks.  
Previous research has shown that host body size may play a role in parasite richness 
because it decreases need for competition and possibly allows niche differentiation (Kuris et al. 
1980). This is consistent with my results, as the small mammal species that had the highest 
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species richness of ticks was S. hispidus, which also is one of the largest bodied species at my 
study site. Although the largest small mammal found within this study (i. e., N. micropus) only 
had one tick species collected from it, the sample size of this species was too small to make any 
conclusions. The second highest species richness of ticks was found on P. leucopus which is not 
a large-bodied species. However, one reason that this species may host the second highest 
species richness of ticks, despite having a smaller body size, is that this species is a generalist 
and had significantly higher prevalence compared to all species except N. micropus (Table 6). 
Generalist species such as P. leucopus are also known to be less effected by disturbance and do 
not have specific habitat requirements, therefore, they are able to forage across multiple habitat 
types increasing its likelihood of acquiring ticks (Pruett et al. 2002). 
Another reason that body size may affect risk of parasitization is because larger bodied 
individuals likely have higher energy requirements resulting in them spending more time 
searching for food (Sponchiado et al 2017). Individuals which spend more time searching for 
food would have less time for grooming compared to smaller bodied species (Harrison et al. 
2010). While body size may be a factor determining the home range of small mammals, sex has 
also been shown to effect home range size in similar ways (Randolph 1975; Harrison et al. 
2010). For example, higher energy requirements of larger bodied species may also require 
individuals to have larger home ranges and travel farther distances foraging. Another factor 
which influences home range size is sex, with males often having larger home ranges than 
females (Harrison et al. 2010). Larger home ranges likely increase the chances of small 
mammals acquiring ticks via increased risk of exposure and encounter rates. Previous research 
has found home range size to be positively correlated with tick loads (Randolph 1975).  
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The third factor which may influence sex-bias in tick parasitism of small mammals is 
hormone levels. Effects of hormones can also be amplified once these individuals become 
reproductively active. In my study, data demonstrated that reproductive status was a significant 
factor in both tick loads and prevalence of ticks on P. leucopus and S. hispidus. This is consistent 
with previous research which has found reproductive status to be a factor in determining 
parasitism of ticks on small mammals (Hughes and Randolph 2001; Harrison et al. 2010; Schalk 
and Forbes 1997). My results, along with previous studies, found reproductively active 
individuals to have higher risks of parasitization. Male and female hormones may play a role in 
parasitization risk because testosterone has been shown to depress both innate and acquired 
resistance to ticks in various host species (Hughes and Randolph 2001). For example, Hughes 
and Randolph (2001) found that individuals with higher testosterone levels were more likely to 
be parasitized. Although my study did not directly assess the effect of testosterone levels on 
parasitization of small mammals, males of P. leucopus and S. hispidus did have significantly 
higher tick loads than females (Table 4); therefore, it is reasonable to conclude that testosterone 
may play a factor in this relationship.  
Not only have testosterone levels shown to increase likelihood of parasitism, but this 
hormone has also been shown to influence tick feeding (Hughes and Randolph 2001). Hughes 
and Randolph (2001) reported that ticks feeding on small mammals with higher testosterone 
exhibited increased mean engorged weights and ultimately higher chances of survival to their 
next stage of development. Although this was not tested in my study, it does show the 
importance reproductive status can have in tick abundances within a habitat, especially of 
nymphs and adults. Another influence reproductive status can have on parasitism is stress levels, 
which increase during the breeding period (Schalk and Forbes 1997; Zuk 1990). Although the 
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breeding period is stressful for both sexes, Zuk (1990) reports that this can be especially taxing 
on males. Females would be faced with higher energy costs during gestation and while caring for 
developing young; however, males must expend energy searching for mates, in mating courtship, 
and must constantly stay vigilant of competitors and threats. This increase in stress levels and 
high energy expenditure can decrease the health of individuals making them more susceptible to 
parasites and diseases (Schalk and Forbes 1997).  
Similar to the arguments presented for body size, reproductively active males would 
likely spend more time traveling while searching for females and their home ranges may even 
expand during these periods (Hughes and Randolph 2001). This would increase their probability 
of encountering questing ticks, but it would also increase contact with other parasitized 
individuals. While reproductively active individuals will come into contact with mates, 
reproductively active individuals may also become more aggressive; both of these actions can 
provide ticks with opportunities to transfer between individuals. These individuals are also more 
likely to focus their time and energy in acquiring mates, as opposed to self-care activities such as 
grooming, which can increase the ability of ticks to persist on an individual (Harrison et al. 
2010).  
The higher tick loads present on males and reproductively active individuals for P. 
leucopus and S. hispidus do seem to support the ideas presented for the ‘sex-bias’ hypothesis; 
however, there was no significance found for O. leucogaster for tick loads or prevalence relative 
to sex or reproductive status. One reason for this may be that the mating behaviors or O. 
leucogaster differ from P. leucopus and S. hispidus (Ruffer 1965). Interestingly, while P. 
leucopus and S. hispidus are polygamous, O. leucogaster exhibits strong pair bonding with both 
parents contributing to parental care (Vessey and Vessey 2007; Davies and Kemble 1983). This 
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means that this species would not exhibit the same reproductive behaviors previously discussed 
for P. leucopus and S. hispidus. Therefore, O. leucogaster may not have had the same exposure 
risks and probability of parasitization by ticks as P. leucopus and S. hispidus during the breeding 
season. While testosterone may still be a factor increasing susceptibility, O. leucogaster likely do 
not move as frequently during reproductive active periods. As a result, they likely do not come 
into contact with as many other individuals, and experience less stress than other small mammal 
species, resulting in decreased probability of tick paratization as a result of reproduction and 
reproductive behaviors.  
Reproductive status was also the second most common parameter in the predictive 
models of all models proposed. Reproductive activity was positively associated with small 
mammal parasitization in overall models, as well as in the top models for P. leucopus and S. 
hispidus. Although previous research has shown more support in favor of body size as the main 
contributor to the sex-bias hypothesis (Harrison et al. 2010; Matuschka et al. 1991), reproductive 
status being present in so many of the competing models suggests stronger support for factors 
such as hormone levels and distance traveled searching for mates as just as important.  
 
Habitat influence on parasitization 
Results demonstrated that there were no significant differences in small mammal, tick, or 
vegetative communities between edge and interior habitats within at my study site. These results 
differ from previous studies where fragmentation was shown to influence small mammal 
presence and vegetative compositions (Diffendorfer et al. 1995; Harrington et al. 2001; 
Schweiger et al. 2000). There are a few reasons why these results may vary, first the previously 
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mentioned studies focused on sampling different patch sizes, opposed to sampling different 
locations within single patches (i.e., edge vs interior). While no significance was observed in 
testing edge to interior transects, distance of a transect to the closest trail did appear to have an 
effect on the probability of parasitization of small mammals. This suggests that patch size, 
disturbance, and edge effects play a role in the interactions and dynamics of small mammals and 
ticks at this site; however, based on my results the relationship between these factors remains 
unclear.  
Patch size has been shown to alter abundances of small mammals and ticks, as well as 
change how large mammals move throughout their environments (Allen et al. 2003; Ostfeld et al. 
1995). Although my study did not directly study patch size, prevalence of ticks was positively 
correlated with distance from trail for P. leucopus (Table 14), which suggests an effect of patch 
size. However, this differs from results reported by Allen et al. (2003), which found a decline in 
tick densities in larger patch areas.  However, in the study by Allen et al. (2003) the target life 
stage of ticks were nymphs while the majority of ticks collected in my study were larvae (91%). 
It is possible that this is a result of where the larvae have hatched, as opposed to where they are 
searching for hosts. Ostfeld et al. (1995) reported that white-tailed deer may use patch sizes 
differently, which changes the drop off locations of adults, and therefore, where eggs are 
hatching. Allen et al. (2003) also found a correlation in density of larvae to deer abundances. 
This suggests that larval densities may be closely related to resource availability and habitat use 
of large mammals in the area. In my study, because the trails that were sampled were interior and 
edge habitats, it is possible that larger mammals are utilizing the area within the patch more 
frequently than the edges, resulting in increased tick densities. This is a reasonable conclusion 
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for arid and warm environments because mammals (especially large mammals), likely utilize 
interior habitats more frequently for thermal cover (Harrison and Voller 1998).  
 Disturbance has also been shown to influence small mammal and tick communities 
(Harrington et al. 2001; Dunstan and Fox 1996; Marvier et al. 2004). While Dunstan and Fox 
(1996) found increased disturbance to lower abundances and richness of mammals within a 
habitat, my study found no significant difference in abundance or richness of small mammals in 
edge and interior habitats. One possibility is that disturbance has been shown to be less harmful 
to and may even promote generalist species (Marvier et al. 2004). In my study, the majority of 
the small mammals collected in both edge and interior habitats were generalist species (i. e., P. 
leucopus and S. hispidus) and would likely be unaffected by disturbances. Another possibility is 
that that vegetation within my study site was so similar between edge and interior habitats that 
even specialist species were still able to persist in edge habitats. One way that disturbance often 
affects small mammals is by introducing alien and invasive species (Harrington et al. 2001). 
Buffelgrass (Cenchrus ciliaris), a common invasive grass species in south Texas, has been 
shown to outcompete many native plant species is commonly found throughout my study site 
(Landers 1987). As a result, because this species is well established in both edge and interior 
habitats, vegetation communities may not be variable enough to produce an observable effect 
given the methods that I employed.  
The last factor relative to fragmentation, which may play a role in the interactions of 
small mammals and ticks, is the edge effect. While some research has found increased diversity 
of vegetation along habitat edges as a result of the presence of both interior species and unique 
edge species (Erdős et al. 2019), edge habitats may also reduce the size of natural habitat 
available (Casenave et al. 1995). Results from my study differed from that of Erdős et al. (2019) 
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because my results demonstrated that the diversity of vegetation, small mammals, and ticks were 
all similar between edge and interior habitats. This suggests that fragmentation within my site 
did not cause increased diversity on edge habitats or decrease suitable habitat for small 
mammals. Although it is possible that there were plant species specific to edge or interior 
habitats as discussed in Erdős et al. (2019), the diversity and abundance of small mammals did 
not significantly differ between the two habitat types (i. e., edge vs interior) suggesting that any 
different vegetative species between the habitats may have provided similar or sufficient 
resources to the small mammals and ticks. 
Most dissimilarity in the small mammal communities between the two habitat types was 
a result of S. hispidus, which were slightly more abundant on interior habitats (Table 9). This is 
likely due to the type of vegetation that dominated certain interior transects such as the interior 
transect of site two. The CCA demonstrated this transect to be closely associated with 
herbaceous material, which is an important habitat component for S. hispidus (Vedolich 2020; 
Schmidly and Bradley 2016) (Figure 7a). This species prefers habitats with an increased amount 
of herbaceous material for food resources, as well as cover from predators and harsh 
temperatures. This species will also utilize tufts of grass as protection for their young, which was 
observed during this study on numerous occasions. My results demonstrate that although there 
were not significant differences in vegetation between edge and interior habitats, the structure of 
the habitat may be important in determining the relationships between small mammals and ticks 
with each other and to their environment.  
Another example of this is the association between woody material and coarse woody 
debris and both P. leucopus and P. merriami (Figure 7a). This is consistent with previous results 
that have shown P.leucopus having a strong selection preference for woody material rather than 
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herbaceous material for traveling pathways (Barnum et al 1992). Although herbaceous material 
can provide cover, shrubs and other woody vegetation can provide cover while also allowing P. 
leucopus individuals to move more quietly and avoid predators. Perognathus merriami is also 
known to avoid grassy areas because these areas are more difficult for individuals to traverse, 
which slows them down when foraging or trying to escape from predators (Schmidly and 
Bradley 2016).  
This vegetative selection can also be seen in ticks such as A. maculatum, which 
demonstrated an association for small mammals in habitats with more woody material, while D. 
halli, D. albipictus, I. woodi and the Argasidae sp. were shown to be associated with small 
mammals in areas with more canopy cover and herbaceous cover. One possibility is that this is a 
result of the stage of development, as opposed to tick species occurrence. For example, in this 
study, only nymphs of A. maculatum were collected, while the majority of D. halli, D. albipictus, 
I. woodi and the Argasidae sp. were in their larval stages. The risk of desiccation for larvae is 
higher than that of nymphs, so this may explain why A. maculatum nymphs demonstrated a 
higher association with small mammals in areas with increased amounts of woody material, 
rather than that of herbaceous material or canopy cover (Tietjen et al. 2019). This may also 
explain why A. inornatum was associated with small mammals in areas with litter, as opposed to 
either form of cover (i. e., woody material, herbaceous material or canopy cover). This is likely 
because they have the lowest risk of desiccation at this life stage and may be more willing to 
travel to areas with less cover to find hosts. 
The violin plots demonstrate that tick loads between habitats was similar and that the 
highest probability density for all species was low, however they also showed that some 
individuals within each species had the potential to obtain larger numbers of ticks. Although the 
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P. leucopus individual which had 48 ticks was an outlier, this is important to note because this 
demonstrates the competence of this host species and the levels of tick loads possible in natural 
settings. This also demonstrates the potential of P. leucopus as means of distribution for ticks 
across the south Texas landscape, especially considering this species’ low amount of habitat 
specificity and presumably large home range. Higher tick burdens on small mammals have been 
found to increase the persistence of pathogens, as well as increase disease risks (Harrison and 
Bennett 2012). 
 
Models predicting parasitization of small mammals 
Throughout the most common parameters which occurred in competing models season 
was the highest. One reason season has been thought to play a large role in tick burdens of small 
mammals is the increase in temperatures, which allow ticks to quest and reproduce throughout a 
longer period (Schulz et al. 2014). Previous research has found the spring season to provide more 
suitable conditions for ticks (Kiffner et al. 2011). Results reported by Schulz et al. (2014) found 
a peak in activity from March-May. Although tick abundances were higher during the spring 
sampling season in my study, tick abundances appeared to decrease by May (Figure 9). In my 
study, tick abundances were at their highest when the temperatures were at their lowest (Figure 
9). Previous research at this study site has also found a negative correlation of tick activity with 
temperature (Beck et al. 2011). These conflicting results between studies is most likely due to 
different climates between the study sites. For example, Kiffner et al. (2011) and Schulz et al. 
(2014) conducted research in Germany where temperatures can reach freezing and would be too 
low for ticks during winter months. The south Texas climate exhibits much higher temperatures, 
which is unsuitable for ticks in the summer months.  
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My results were also more consistent with those reported by MacDonald and Briggs 
(2016), who studied tick activity patterns in central and southern California. This study found 
questing ticks to become active in late November-December with a peak in January-May which 
was similar to what I observed in my study (Figure 9). MacDonald and Briggs (2016) also found 
activity to end by April-May. Although April was not included in my study, tick abundances did 
show a major decline in May (Figure 9). While south Texas can reach more extreme 
temperatures than California, the climate in southern California does reach much higher 
temperatures than Germany, where ticks appear to be more active in late spring and summer 
months. The climate in California was also experiencing a drought during the years sampled by 
MacDonald and Briggs (2016), which may have caused higher temperatures to increase the 
susceptibility of ticks to desiccation. 
While there seems to be a seasonal difference in how ticks respond to temperature, some 
articles have described the effects that climate change may have on tick species in the future. 
(Gray et al. 2009; Dantas-Torres 2015; Gilbert 2021). Gray et al. (2009) reported an increase in 
larvae activity in the winter as a result of hotter summers. Although this may not be the case for 
areas that exhibit high temperatures, such as south Texas, where ticks may depend on periods 
with lower temperatures. This may expand the activity time for ticks in colder climates allowing 
them to remain active throughout the year as a result from increase in milder climatic conditions. 
Another factor which may contribute to the seasonality of ticks is rainfall, which even in 
small quantities can be important in an arid habitat (Beck et al. 2011). Beck et al. (2011) found a 
positive correlation between rainfall and activity with tick activity increasing when rainfall 
occurred 2-5 weeks and 13-16 weeks prior to sampling. While it is less likely that rain itself was 
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significant for the ticks, rain would have a major impact on vegetation and possibly host activity 
(Figures 8-10); therefore, this relationship is likely indirect.  
Previous research has studied how weather affects small mammal captures and has 
determined that weather plays a large role in the total number of small mammals collected 
(Gentry et. Al. 1966; Vickery and Bider 1981). Vickery and Bider (1981) concluded that 
weather, specifically rainfall, significantly influence the activity of deer mice (Peromyscus 
maniculatus), southern red-backed voles (Clethrionomys gapperi), and woodland jumping mice 
(Napaeozapus insignis). Activity of all three species increased between 42-69% during periods 
of increased rainfall (Vickery and Bider 1981). Although this study did not look at the immediate 
effect of rain on small mammal captures, the increase in small mammal captures in the months 
following rain events (Figure 10) is likely due to a change in the vegetation which is providing 
small mammals with more resources and cover, resulting in increases of abundance and activity 
of these species on the landscape. While this likely increases overall activity of small mammals, 
it may also initiate reproduction in some species, such as S. hispidus, which reproduce during 
favorable weather and habitat conditions. Previous research discusses tick populations as being 
slightly density-dependent relative to host populations, due to increases in host availability and 
an increase in the likelihood of feeding success before desiccation (Dobson 2014). With rainfall 
appearing to be just as important as temperature in population fluctuations of ticks at this site, it 
is possible that this would be true in other arid habitats as well. Although this study did not 
sample through the summer so it would be interesting for future studies to observe how the 
warmest and driest months of the year affect both small mammals and ticks.    
Canopy cover was also importance in predicting small mammal parasitization (Table 12). 
This parameter has been shown to have importance for both small mammals and ticks (Loggins 
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et al. 2019; Diffendorder et al. 1995). Canopy cover provides both thermal and escape cover for 
small mammals protecting them from predators and high temperatures which characterize the 
south Texas climate. Similarly, ticks will utilize the canopy cover in harsh weather conditions to 
avoid desiccation. While all ticks are in danger of desiccation, it can be especially detrimental for 
eggs and larvae. The most abundant species in this study site, D. variabilis, is desiccation 
tolerant, but may still dry out more quickly compared to other species such as A. maculatum and 
A. cajennese; therefore, cover may be especially important for this species (Yoder et al. 2012).  
Another parameter which was common amongst competing models was litter depth. 
Previous management techniques for ticks have promoted litter control (Schluz et al. 1995); 
however, my results indicated a negative relationship between litter depth and tick parasitism of 
small mammals (Table 12). Ticks will utilize litter for various activities including questing for 
hosts, avoiding harsh conditions, and laying eggs (Tietjen et al. 2019). While litter has been 
shown to be very important for ticks, previous research has found a negative relationship 
between small mammals and litter (Nicolai 2020). Nicolai (2020) found litter to inhibit many 
small mammals in their ability to harvest seeds. Nicolai (2020) even found a decrease in body 
mass of O. leucogaster in areas with higher litter content despite this species being less reliant on 
seeds in comparison to other species. Due to the avoidance of small mammals to areas with high 
litter content, it is possible that ticks which target small mammals (e.g., D. variabilis, D. halli, D. 
albipictus, I. woodi) as hosts are not as common in areas of increased litter. However, other tick 
species (e.g., A. inornatum, A. maculatum) which target hosts that do utilize litter, or are 
unaffected by this parameter, may still occur in these locations.  
Some ticks have even been predicted to use litter differently in northern and southern 
states of the United States because of the different climates (Arsnoe et al. 2015). Arsnoe et al. 
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(2015) proposed that I. scapularis in southern states may target lizards which are often attracted 
to high litter areas. Some tick species are more adapted to harsh conditions, therefore it is 
possible that this represents an adaptation for this species that allows it continue to persist in 
areas with higher temperatures than where they would normally occur. If this species has adapted 
to utilizing lizards as hosts in place of small mammals, this would allow them to remain in areas 
where they can benefit from the high litter content. While they utilize the litter to avoid freezing 
in northern states, they would be able to use the litter as protection from the heat in south Texas. 
Additionally, because litter can trap moisture, it may help protect this species from desiccation as 
well. However, there are competing studies to this theory, which have not found I. scapularis in 
litter, despite finding mature stages of this species (Tietjen et al. 2020).  
An alternative hypothesis is that this species will exhibit a hiding behavior to avoid harsh 
conditions, and then utilize the burrows of small mammals and lizards to find their host (Tietjen 
et al. 2020). However, if this was the case, immature stages of this species would have been 
expected to be collected in this study if they are present in the study site, but they were not. 
Although litter management may not help in controlling tick parasitization of small mammals in 
south Texas, future research is needed to fully understand the role that this habitat characteristic 
plays in tick ecology. 
Year also showed to be a common parameter in competing models (Table 12). One 
reason that year may have been important for small mammals and ticks is because 2020 was 
abnormally dry compared to 2019 (National Integrated Drought Information System; Figure 8). 
This can be harsh for both ticks and small mammals, especially in an already arid habitat. An 
increased risk of desiccation for ticks would likely lead to lower population sizes and lower 
activity levels. This can be especially harsh for tick eggs and larvae because they have the 
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highest risk for desiccation. Ticks will also lose water while questing and although they may be 
able to absorb atmospheric water to restore this loss, this can use up energy from the fat reserve 
of ticks which would require them to feed on a blood meal sooner (Randolph and Storey 1999).  
Small mammal populations may also decrease as a result of extreme temperatures and 
dry conditions due to low resource availability. Lower precipitation may result in some small 
mammals altering their normal ecology. While some may be forced to travel further distances for 
resources, Dickman et al. (2011) reported that small mammals in arid environments are more 
likely to resort to various survival mechanisms such as torpor to save energy and reduce water 
loss. If small mammals are traveling throughout their habitat less this would reduce their 
opportunities of encountering questing ticks. My data do coincide with the conclusions of 
Dickman et al. (2011) because year was shown to be a factor in predicting parasitism by ticks, 
with 2019 having a higher likelihood of parasitization. However, further investigation is needed 
to determine the full effect of low precipitation on the relationship between ticks and their host 
species. 
Another parameter which appeared in a majority of competing models was vegetative 
diversity. Although there was no significance found between the mean vegetative diversity 
between habitat types (i. e., edge vs interior) or of the vegetation characteristics, the diversity of 
specific transects showed to influence the likelihood of parasitization. Multiple studies have 
found diversity of vegetation to play a role in small mammal and tick abundance within a habitat 
(Litt and Steidl. 2011; Windberg 1998). Higher diversity of vegetation can accommodate a 
higher diversity of small mammals because it provides cover from predators and a larger variety 
of food resources across many dietary niches (Windberg 1998). This parameter even had a 
positive correlation for O. leucogaster, which is known to be more carnivorous and would not be 
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expected to be as dependent on the vegetation as a food resource as other small mammals 
(Schmidly and Bradley 2016). However, it is likely that insects, a common prey of O. 
leucogaster, would benefit from higher vegetative diversity which would make this parameter 
important for this species.  
Ticks also benefit from vegetative diversity by having more cover to avoid desiccation 
and a higher chance of finding a host because many host species are attracted to these areas. Not 
only is this habitat attractive for small mammal hosts, but areas with higher vegetative diversity 
can also support a greater array of medium and large hosts (Pollock et al. 1994; Bellantoni 1991). 
Areas with high abundances of large mammals have been shown to increase tick abundances 
within a habitat because it increases the opportunities for ticks to successfully feed and reproduce 
(Allan et al. 2010). However, my study did not collect data on large mammals within this habitat 
so further research would need to be conducted in order to determine the influence of vegetative 
diversity on larger hosts and their effect on tick populations. 
While all of these parameters are important individually, it is imperative to understand 
why and how variables synergistically increase risk of parasitization of small mammals. Previous 
models created to predict tick parasitization of small mammals have included factors of the hosts 
which may increase risk, but did not include other factors which can have major influences on 
the relationship between ticks and their hosts (Dallas et al. 2012). For example based on my 
results, a reproductively active male S. hispidus in south Texas is at increased risk of tick 
parasitization because body size, activity levels, interaction time with other individuals, 
decreased grooming and hormone levels. However, the models presented in this study show that 
if the same individual S. hispidus that has a larger body size and occurs in the spring in habitats 
consisting of certain characteristics, such as low bare ground and high diversity of vegetation, 
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would be at an even more increased risk of parasitization by ticks. This better reflects the 
ecological role that specific factors such as habitat, tick life cycles, environmental conditions, 
and resources play in the overall ecology of the host-parasite system of small mammals and 






 Ticks and small mammals both have specific habitat requirements and these requirements 
can have large impacts in overall vector ecology. Ticks must balance the risk of desiccation with 
the need to acquire hosts for feeding. This makes them more likely to be collected from locations 
with areas which provided cover, but were also attractive for small mammals. Small mammals 
are highly dependent on their habitat for resources but their needs may differ depending on 
certain physical characteristics (e. g., sex, reproductive status, body size). Although the two 
species which were most abundant in this site (i. e., P. leucopus and S. hispidus) are generalists, 
they did demonstrate strong associations with certain habitat characteristics such as herbaceous 
and woody material. All of these variables are important to consider when determining risk of 
parasitism of ticks on small mammals within a given habitat. Results of this study demonstrate 
how these variables relate to risk of parasitism of ticks on small mammals. The factors which 
were shown to most commonly increase risk of parasitization for all small mammals were the 
spring season, reproductive activity, increased canopy cover, increased distance from a trail, 
sampling year, litter depth and vegetative diversity. However, sex was also shown to be an 
important factor with ticks being more likely to occur on males. These variables have 
demonstrated a difference from those reported in areas with lower temperatures throughout the 
year (Schulz et al. 2014; Kiffner et al. 2011). It is important to understand these geographical 
differences so that management strategies can be implemented more effectively. It is also 
predicted that due to climate change, rising temperatures will cause a shift in the distributions of 
many vector species (Alkishe et al. 2021). Gaining more knowledge on vector ecology in warmer 
climates may be critical in lowering disease transmission once these shifts occur. While models 
created in this study provide insight into how these parameters work together, further research is 
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needed to fully assess vector and host ecology in south Texas; particularly as it relates to host 
species that were not sampled during this study (e.g., reptiles, birds, large mammals). Through 
this, we can gain a more complete understanding of vector ecology from a broad perspective, but 
also the specific ecological relationships that occur between vector species and their hosts in 
south Texas.   
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FUTURE DIRECTIONS AND FIELD NOTES 
There are multiple areas of study which may be conducted following this research including: 
1. Testing for pathogens from the ticks which were collected in this study.  
The ticks which were collected in this study can be tested for pathogens that may have been 
transmitted from the small mammal they were collected on. Although a majority of the ticks 
collected were larvae, many of these individuals were engorged or had started feeding on the 
small mammal before collection. Dermacentor variabilis which was the most common tick 
species found is known to be the main vector for Rocky Mountain Spotted Fever and P. 
leucopus, one of the most abundant small mammals found within this study site is known to 
harbor a variety of diseases. There are multiple pathogens which have been documented in Texas 
including; Rickettsia rickettsii, Anaplasma phagocytophilum, A. platys, Babesia vogeli, B. 
turicatae, Theileria cervi, Ehrlichia chaffeensis, E. canis and E. ewingii,(Serene et al. 2020). 
 
2. Looking at ticks from different groups of hosts such as larger mammals, birds, and 
reptiles. 
The target host group within this study focused on small mammals but understanding the 
ecology of other host groups may give insight into vector ecology of the species which were not 
caught in high abundances within this study. Other tick species which are known to occur at this 
study site, including many Amblyomma species, target birds while other species such as I. 
scapularis may be targeting lizards (Arsnoe et al. 2015; Tietjen et al. 2019). Looking at 
ectoparasites on larger hosts such as white-tailed deer, javelinas, and coyotes may provide a 
better understanding of mature stages of all tick species. 
3. Summer behavior of D. variabilis and their hosts in south Texas 
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The summer months were not sampled in this study due to the risk of high fatalities of small 
mammals; however, these months are also known to be important in the life cycle for many tick 
species. Previous research has found ticks to be more active in the summer months, but this may 
not be true in south Texas because of the harsh temperatures. While northern states may increase 
in habitat suitability for ticks throughout the summer it is possible that the heat may cause 
desiccation of many ticks. This lower activity throughout the summer has been seen at this study 
site with Amblyomma cajennese, but vector ecology specifically has not been observed in this 
habitat throughout the summer months (Beck et al. 2011). 
 
4. Other ectoparasites present on small mammals in this habitat 
Throughout this study there were other types of ectoparasites observed including both fleas 
and mites. While the focus of this study centered around ticks and their relationship with their 
hosts, looking more closely at these other groups may provide a better understanding in the 
vector ecology of other ectoparasites in south Texas. Species on which mites were observed 
included C. hispidus, P. merriami, S. hispidus, L. irroratus, and P. leucopus. These mites were 
found to congregate around the dorsal side near the base of the tail and behind the legs. Fleas 
were also found on all but two species which were I. parvidens and P. merriami. 
 
5. Further research into the behavior of L. irroratus in this habitat.  
The current known range of L. irroratus ends just south of Webb County; however, there 
were many individuals of this species captured at this site. There is limited knowledge on this 
species, especially in Texas, primarily due to its limited range (Schmidly and Bradley 2016). 
Within my samples of this species, there seemed to be more reproductively active individuals in 
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the spring than the fall however reproductively active individuals were observed throughout the 
year. There were slightly more reproductively active individuals observed in March which is one 
month after the previously known peak of breeding for this species (Dowler and Genoways 
1978). Studying this species at this site may give insight into the behavior of this species and 
how it may differ from those individuals found in southern portions of its range. 
6. A closer look at the ecology of D. halli. 
Throughout this study the second most common species collected was the Javelina tick (D. 
halli). While this species has been previously documented in Texas there is limited knowledge 
and research on the ecology of this species. Due to the high abundance of D. halli collected in 
this study and a high abundance of the known larger host of this species (javelina), this study site 
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